Experiments upon the electrical activity of the higher brain centers in animals maintained under some form of anesthesia and held in a restricting holder have raised the question as to how this activity can be compared to that of the normal unrestrained animal.
Fine silver electrodes were used made of wire 0.5 mm. in diameter rounded to a small ball on one end by heating, and insulated except for the extreme end by combined coatings of Duco Household Cement and flexible collodian.
Insertion of the electrodes was carried out under surgical dial anesthesia with complete aseptic precautions.
Following reflection of the skin and subcutaneous tissues, straight sided burr holds (1.5 mm. diameter) were made through the skull over predetermined cortical areas. Care was taken not to injure the dura. The rounded ends of the silver wires were inserted through the holes to the surface of the dura and secured by sterile wooden wedges which were then cut flush with the skull surface. All wires were led posteriorly and fastened in one or more places to the muscle sheath, connective and subcuticular layers reapproximated over the wires, and the skin sutured with the Halsted subcuticular stitch.
Ten to twelve electrodes could thus be fixed in the skull with the ends of the wires emerging through the skin as far down on the neck as compatible with free head movement. A sterile dressing covered the wound, which healed completely except for that portion of skin through which the wires emerged.
Litz wire leads approximately 100 cm. in length were soldered to the ends of the silver wires, bound into a cable, and fastened to a harness and leash so that all of the leads could be plugged in at once and still allow the animal free movement to the extent of the leash. After complete recovery from the dial the cat did not show any annoyance from these attachments. The prominent frequencies ranged from 5 to 15 per second with amplitudes of from 60 to 150 microvolts, although frequencies of 3 to 4 per second were not uncommon in the visual area and 20 to 35 per second were also present, most markedly in the auditory region. Superimposed frequencies tended to be multiples of the major rhythms, but there was no simple relationship between the amplitude of a slow frequency and that of its multiples.
The outstanding characteristic of the activity was the relative lack of change over periods of several hours if the animal was not deliberately disturbed ( fig. 2D ).
Beginning with the return of spontaneous movement (usually by the second or third postoperative day) the potentials became more variable from moment to moment.3 Apparently associated specifically with states of complete relaxation or sleep, large slow irregular potential changes, often 100 to 200 microvolts in magnitude, were observed. Periodic interruptions of the slow irregular rhythms by regular waves at a frequency of 12 to 15 per second made this type of cortical activity very similar to that recorded from the human cortex during sleep ( fig. 2F) (Jasper, 1936) .
Often appearing simultaneously in all regions lower amplitude potentials (30 to 50 microvolts) at frequencies of 20 to 50 per second replaced the slower rhythms for short periods of time unrelated to any known stimulus or visible change in the animal. When persisting for more than a few seconds, however, these more rapid potentials were definitely correlated with increased restlessness or alertness, preparation for movement, or movement itself (Derbyshire et al., 1936; Travis, 1936) . A gradual change to and prolonged continuation of this activation pattern4 ( fig. 2 A 
and B)
J Although complete recovery from dial anesthesia could not be said to have occurred at this time, potentials similar to those to be described were recorded during the remainder of the experimental period.
* The word activation is used in place of "excitation" previously employed (Jasper, 1936) to denote any stimulating conditions which tend to arouse the animal to activity or increased neuromuscular tension which gives the impression of alertness. This is in conformity with the well founded criticism of Fessard (1936) of the use of excitation state relative to those conditions which affect the rhythmic discharge of isolated neurones.
In some of these records associated with moderate degrees of activation of the animal the larger amplitudes, rhythms of for example ten per second, might be replaced by lower amplitude potentials at frequencies of 20, 30 or 40 per second appearing as multiples of the slower resting rhythm.
With the most extreme activation the slow rhythms drop out completely and no fast rhythms can be detected other than the slight fuzziness of the line seen superimposed upon the slow potentials previous to activation.
This complete blocking of rhythmic electrical response is comparable in all respects to that observed for the occipital alpha rhythm in man in response to visual stimulation.
(See also Rempel and Gibbs; 1936 .) B. RHEINBERGER AND HERBERT H. JASPER while the animal was apparently resting comfortably was so regularly associated with the subsequent need for elimination (often delayed as long as 10 to 15 minutes after the onset of the activation record) that "cat box effect" became a laboratory expression. It provided a striking demonstration of the association of this pattern with internally initiated st,imuli of a disturbing or activating nature.
Transitions from the slow random potentials to the activation record were often abrupt.
Progressive changes between the two, however, showed periods during which more or less regularly repeated frequencies from 8 to 15 per second (usually with amplitudes of 50-100 microvolts) appeared in all regions ( fig. 2C ). These potentials resembled the human alpha rhythm in form, especially in the motor and sensory.areas, and were less readily differentiated specifically from those observed in the anesthetized animal than were either the activation record or the slower potentials characteristic of sleep. The electrogram was observed only when the animal was known to be awake (eyes partly open) and was easily disturbed by stimuli.
It might be considered as representing an intermediate state between the conditions of marked activation and sleep.
Bioelectric and architectonic diferentiation.
Despite the wide variation in bioelectrical activity which occurred in all regions, under certain conditions distinct electrograms were obtained from different cortical areas. Although we could not readily differentiate between the records from the pre-and postcentral areas, under dial anesthesia and, to a lesser extent, in the resting unanesthetized cat there were distinct differences between the bioelectric patterns of activity from the sensory-motor, sylvian and occipital regions ( fig. 2 C, D, E) . In the dialyzed animals the regional electrograms seemed to be characteristic and fairly constant although there appeared to be no pattern which was unique to a given area. In the normal resting animal the patterns of the areas were different at a particular instant but later, while there were still differences in the potentials, the pattern previously occurring in one region might be found in a .widely separated region. There was no differentiation between areas when the activation pattern was present ( fig. 2 A and B) . Under all conditions there was more differentiation with bipolar leads.
No attempt has been made to relate such differences to the limits of architectonically distinct areas. The relative constancy of the regional electrograms obtained under dial anesthesia and the essential similarity between bilaterally homologous areas suggest a possible correlation with structure and function of the cortical fields represented (Kommtiller, 1935 (Kommtiller, , 1937 . In view of the variations in activity which tend to obscure any regional differences which may exist, especially in the normal animal, a functional differentiation seems as probable as one based upon cytoarchitectonic structure. Specific effects of controlled stimuli.
(a) Post-operative anesthesia. In the period 24 hours after dial the effect of a stimulus on existing activity was to 1, block the prestimulation slow frequency potentials, or 2, suddenly B. RHEINBERGER AND HERBERT H. JASPER increase the frequency and regularity. The complete block was seldom seen. These effects had a variable latency of approximately 50 to 100 milliseconds and seldom lasted for more than 1 or 2 seconds.
Although regional differences in response were observed no stimulus used affected only one region. For example, a sound stimulus which repeatedly produced a definite increase in frequency and regularity in the potentials from the auditory region greatly decreased the amplitude of the motor and sensory potentials ( fig. 3A) . Tactual stimulation produced (in some cases) increased frequency and regularit'y of potentials in the sensory-motor region with depression or little change in the activity of other regions.
With repeated stimulation there often occurred at approximately the same time an increase in the frequencies from all regions (fig. 2E , compare with D). The effect usually lasted for 1 to 2 minutes with a gradual return to the slower rhythms during a period of rest.
(b) Unanesthetized animal. In the normal unanesthetized animal an effective stimulus produced the activation electrogram ( fig. 3 B and C) . With the exception of the following of the frequency of a flickering light by the potentials of the occipital area ( fig. 3 D) -independent of the activity of the rest of the cortex, only isolated indications of localized responses were observed.5 The responses had similar latencies but were of longer duration than those observed in the dialized animal.
Continued stimulation often produced an activation electrogram lasting for many minutes.
Within the narrow range of variation employed no constant relationship was seen between the absolute intensity of the stimulus and the magnitude of the response. On the other hand there appeared to be a correlation between the extent or spread of cortical response to any stimulus and the degree of activation of the animal.
This was observed not only in the comparative effects of the same stimulus on the potentials of the anesthetized and unanesthetized cats but also in the duration of the activation record and the extent of cortical area involved.
When the animal responded overtly to the stimulus, i.e., by raising the head or subsequent movement, the high frequency, low amplitude electrogram or the apparent blocking of all rhythmic activity appeared simultaneously in all leads and continued for 10 to 15 seconds or longer.
Less obvious disturbance was usually accompanied by a shorter lasting effect and a less complete blocking during which the previous activity of one or more regions might continue unchanged.
An animal which at first responded maximally to a given stimulus might subsequently (when very relaxed) show no disturbance, visible or electrical, to the same intensity of st'imulation.
A similar lack of effect was observed from stimuli introduced when an extreme activation record was present. Such variation in the responses of the normal animal suggests that the more transient and localized effects produced in the dialized cat by stimuli of the same absolute intensities may be explained on the basis of less intense activation due to the anesthesia. If such is the case it should be possible, on further investigation, to determine conditions of stimulation under which the cortical potentials of the normal cat will also show differential regional responses. In general in both the normal and anesthetized animals the occipital area reacted less often in accord with the other regions while the motor and sensory records showed simultaneous response to the majority of stimuli given. This synchronism between the pre-and postcentral areas is in accord with other experimental evidence of the interrelationship of these regions (Dusser de Barenne, 1916) .
'LEvoked" potentials.
"On" and occasional "off" effects were observed in response to stimuli in both the anesthetized and unanesthetized cats. Although the responses varied considerably and at different times from the same regions resembled all of those pictured by Gerard, Marshall and Saul (1936) , the most usual form was that of a diphasic or triphasic wave followed by a positive and often prolonged negative after potential. The peak of the first deflection fell usually from 50 to 100 milliseconds after the stimulus, while the total duration of the response might be from 200 to 500 milliseconds or longer. The "off" effect, observed infrequently, was similar to the first part of the "on" response and appeared about 80 to 100 milliseconds after the end of the stimulus.
These times are somewhat longer than those obtained by Bartley (1934) for light stimuli.
An interpretation of the significance of the slow afterpotentials has been attempted in a previous publication (Jasper, 1936) . DISCUSSION. Our results may not be in fundamental disagreement with those of Kornmtiller (1935 Kornmtiller ( ,1937 and others who find localized response to afferent stimulation ("FeldaktionsstrGme") and characteristic patterns of spontaneous resting activity ("Feldeigenstriime") referable to definite cytoarchitectonically differentiated cortical areas. If the bioelectric pattern of the cortical surface is determined primarily by the cytoarchitectonic structure immediately beneath one would not expect to find completely distinct types of resting activity from separate areas since the differences in cell structure are more or less statistical in nature, the cytoarchitectonic areas being based upon the predominance and organization of certain types of cells rather than upon completely specific units. This probably explains. why the differences in bioelectric activity which can be detected under certain conditions are not clearly distinct patterns composed of elements found only in one region but are due rather to a predominance of a given type of activity and to the sequence of potential rhythms. B. RHEINBERGER AND HERBERT H. JASPER It is rather difficult to understand the cytoarchitectonic determination of patterns of bioelectric activity when this activity, under certain conditions, appears exactly the same in all regions, and each region shows variations so great as to overlap and to make quite insignificant any consistent differentiation according to cortical area. These changes appear to be definitely associated with different conditions of activation of the cortex due to specific or generalized excitation.
Since different excitatory conditions as well ab different cytoarchitectonic structures must certainly exist within the cortex, we do not feel that it is possible at present to evaluate properly which is more important in determining the pattern of spontaneous bioelectric activity.
The fact that specific forms of electrical response to a given stimulus may be, under certain conditions, very definitely localized while changes in the electrical activity of all regions are observed in response to any afferent stimulus which is sufficiently disturbing to the animal illustrates in a striking manner both the localized and mass functions of the cortex (Lashley, 1933 ; Gerard, Marshall and Saul, 1936) .
All cats showed slow rhythms which disappearedunder certain conditions of activation.
This suggests that the absence of slow rhythms in some human subjects may'be due to similar or analogous functional conditions. The tendency for the slow rhythms to be replaced by low amplitude potentials at frequencies which are multiples of those characteristic of the slow rhythms indicates a desynchronization process. However, the complete absence of detectable electrical activity, except for the slow potential swings (called "after-potentials" above), immediately following intense afferent stimuli suggests genuine arrest, temporarily, of the rhythmic activity of the cortical neurones since it does not appear probable that such a complete absence of the.more rapid discharges together with the slow potential swings could be due to changes in synchronization.
There may be a depression of activity or "inhibition" during the slow positivity as has been shown by Eccles (1935) for the cervical ganglion and by Gasser (1935) for the spontaneously firing phrenic nerve. There may also be a blocking of rhythmic activity ("inhibition" of the Wedensky type) during the slow negativity (Jasper, 1936) . These changes which control to some extent the rhythmic discharges of the individual neurones may be basic to their change in synchronization with adjacent cells.
The wide spread of activation from one cortical region to another, probably involving both cortical and subcortical conduction pathways, differs from the narrow spread found by Adrian (1936) due in some degree to lack of anesthesia but primarily to the fact that we were dealing with sustained effects of afferent stimulation rather than to immediate effects of direct electrical stimulation.
Our results favor Adrian's interpretation of cortical potentials as related to rhythmically liring central neurones of long time characteristics, their activity depending to a large extent upon local excitatory conditions and not directly upon the integrity of self-exciting neurone chains (Lore&e de No, 1933; Bishop and O'Leary, 1936) .
SUMMARY
Small silver electrodes were fixed in the skull so as to make contact on the dura over the motor, sensory, auditory, and visual cortical areas. Flexible leads were brought out through the skin in such a manner as to permit the animals to recover completely from the operation and engage in normal unrestrained activities while at the same time records could be taken directly from the cortex over a period of several days. Histological studies of the brain regions over which the electrodes were placed served to control the accuracy of localization and histological structure of the areas used as well as to show that records were taken from normal brain tissue.
The results from simultaneous records of the activity of four different cortical areas with both monopolar and bipolar recording may be summarized as follows:
1. The pattern of cortical activity in the partially dialized and in the normal undisturbed cat was characterized by more or less regular rhythmic potential changes at frequencies from 3 to 15 per second.
2. Bilaterally homologous areas showed essentially similar bioelectrical activity.
3. Some fairly consistent differences in pattern of activity from the anesthetized animal could be identified with different cortical fields, but the variations in activity of each region in the normal cat were so great that bioelectric differentiation appears to be primarily related to differential states of activation rather than to specific cytoarchitectonic structure. 4. The greatest similarity of resting activit,y and response to afferent stimulation was found between the sensory and motor areas.
5. The electrogram from all regions was characterized by low amplitude higher frequency potentials when the animal showed behavioral indications of being generally aroused or activated due either to controlled external stimuli or internal organic states. Relaxation was associated with a return of the slower rhythms while the pattern characteristic of sleep was similar to that described for man during sleep.
6. The electrical response of the cortex to afferent stimulation included "on" and "off" effects and slow positive and negative after-potentials, associated with depressions of rhythmic activity as well as changes in frequency and amplitude of the spontaneous potentials.
7. Changes in the electrical activity of all regions of the cortex usually followed a single effective afferent stimulus although the changes in a
